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1 .  SUMMARY 

Impact o f  Ballistic Booster Selection 

c 

c 

The original Shuttle progratr! cclled for a fully reusable, flyable 
bcioster ( f i r s t  stage) which took off as a rocket'but landed as an 
airplane. The implications of a new operational plan and conse- 
quent new operational site prompted spokesmen in 40 states to 
request the location of the launch and landing site within their 
state. These suggestions when added to areas identified by NASA 
resulted in a total field of some 150 contending sites. 

Vie recent selection of a ballistic (i .e., unguided), water-recoverable 
booster sfage has, in effect, limited the feasible candidate sites to 
coastal areas. This decision also has led to methods o f  operation 
and site requirements very similar to those currently i n  effect at 
existing launch sites. 

Screening to meet rnaior mission and site requirements resulted i n  
two final candidate options: 

o A single, now virgin, Gulf-coast areci 
(Matagoraa, Texas) 

o The pair o f  existing east/west coastal 
sites ( KSC/VAFB) 

NO existing single sife could satisfy total program requirements. 

Cost Studies 

Detailed analyses were made to determine the total cost to the Govern- 
ment to establish facilities for Shuttle launch and landing operations. 
The analyses included launch vehicle and payload processing require- 
ments, the configuration of range instrumentation, and personnel re- 
quired to accomplish the entire launch and landing operation at spe- 
c i f i c  sites. Results show there i s  no clear economic advantage to 
establishing a new single launch site with the capability to handle 
al l  Shuttle launches as compared to continued utilization of the two 
existing launch sites. The main reason for this result i s  that the 
ultimate reduction in annual operating cost for a single site i s  not 
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sufficient in magnitude and i s  too far distant i n  time to overcome the 
large init ial  costs. At the same time, the single site appears not to 
offer the clear cut mission performance and operational capabilities 
that exist jointly in the two existing sites. The Gulf-coast site could 
be subject to greater restraiilts in i i s  adaptability to meet the require- 
ments of  future programs and would involve the potentially complex 
problem of land acquisition. In view o f  the lack of  a new site having 
performance or cost advantages, the Board's evaluation gave higher 
ranking to the pair of currently operated launch sites -- viz, Kennedy 
Space Center and the Vandenberg Air Force Base. 

Detailed Evaluation Results ' 

Kennedy Space Center has served as the launch site for large rockef 
* vehicles and al l  manned missions for well over a decade. It thus has 

existing many of the facilities that the Shuttle program wi l l  require. 
This i s  shown in the low estimates for first costs at KSC compared to 
other sites. KSC has launch azimuths available which accommodate 
a large percentage of  the planned missions. In particular, i t  has 
clear azimuths i n  the easterly direction which provide greatest margin 
for orbit insertion during the early development flights -- which may 
include an unmanned flight. VAFB can accommodate the polar and 
sunsynchronous mission traffic that cannot be launched efficiently 
from KSC. Most importantly, VAFB can accommodate westerly launch 
azimuths required to support Air Force missions. 

Continuation of operations at KSC/VAFB would take advantage of exist- 
ing facilities and services now shared by the c iv i l  and military programs; 
would incur minimum costs for maintaining expendable launch capability 
during the transition to the Shuttle program; and would minimize the 
possibility of disruption and other programmatic risks associated with 
moving to a new site. 
Apollo and the Air Force's solid rocket experience with Titan, con- 
tinued operation at KSC/VAFB also provides greater assurance that 
environmental and community impact o f  the program wi l l  be acceptable. 

An init ial  review indicates a si te in Matagorda County, Texas, 
has potential to accommodate much of the total program as a single site. 
Launches from this site would result in sub-orbital (though very high al t i -  
tude) land overflight earlier in the trajectory than from the ocean facing 
sites. All due-east launches -- particularly the early development flights -- 
would overfly Florida. 

In view of  NASA's decade of experience with 

- 

The focussed sonic boom of certain ascent 
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traiec tories could impinge on land unless performance degrading 
maneuvers are prescribed to avoid this. The sonic boom carpet of  
the orbiter return flight potentially covers the largest amount of  
land area in approaching this site. 

Plurined booster impact zone: fall short of the mnior shipping 
lanes and current o i l  drilling platforms but could impede future 
development of  the area. This review did not take into account 
the area requirements for abort jettison of H-0 tanks. Additional 
operations planning i s  required to finalize these mission rules. 
In any event, greater freedom from land overflight i s  available 
at  the ocean-facing sites. The precise location of  a site in  this 
area would have to consider the bird sanctuary near Matagorda 
Island. Additional data would be necessary to judge the com- 
munity impact of building up a site in Texas and simultaneously 
phasing down the operations a t  KSC and VAFB. Acquisition of  
necessary land could introduce unpredictable complication and 
delay. 

Special Topics 

The report outlines the screening and evaluation of candidate si tes 
prior to the requirement for water recovery. The full account of  
this process was not considered relevant to a report of  the final 
evaluation. Briefly stated, i t  was judged that operation from an 
Inland site, where potentially feasible at all, would impose unduly 
severe restrictions on the future course of the program. Normal 
launch -. . verations, up to booster impact, require the availabil ity 
of  cleared areas of  at least 2000 square miles for each launch azi- 
muth. No such areas i n  the continental United States could be 
found with population densities less than about one per square mile. 

The report also discusses environmental implications of  s i te location -- 
particularly sonic boom, engine noise, and fuel exhaust. 
tion of a coastal site would give greater assurance of  acceptable environ- 
mental impact and would provide greater f lexibi l i ty for beneficial place- 
ment o f  sonic boom footprints. As the evaluation was not restricted to 
sites on government-owned land, the report addresses the possibility of  
delays and adverse public reaction i f  land i s  to be acquired for the 
launch site. 

The selec- 

In concluding remarks, the Board points out the cost and scheduling 
advantages of activating the East coast site first, i f  the dual-site 
option i s  selected. 
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2. INTRODUCTION 

2.1 Establishment of the Board 

The Shuttle Launch and Recovery Site Review Board was 
established by letter of ihe Associate Administrator for 
Manned Space Flight (hlSF) dated April 26, 1971. The 
final board membership was as follows:* 

Dr. Floyd L. Thompson, Chairman 
Director Emeritus, Langley Research Center 

Mai. Gen. Edmund F. O'Connor 
Dep. Chief o f  Staff, Procurement & Production 
Headquarters, Air Force Systems Command 

Mr. Vincent L. Johnson 
Deputy'Associate Administrator, OSS 
NASA Headquarters 

Mr. Robert H. Curtin 
Director, Off ice of Faci li ties 
NASA Headquarters 

Mr. LeRoy E. Day 
Deputy Director, Space Shuttle Program 
NASA Headquarters 

Mr. S. Nei l  HosenbaII, Deputy General Counsel served as 
legal counsel to the Board and Dr. Dudley G. McConnell, 
Director of  the Scientific and Technical Information Office, 
served as Executive Secretary. 

The Associate Administrator, OMSF, assigned the Board respon- 
sibi l i ty for the review and evaluation of  candidate launch and 
recovery sites for the Space Shuttle. The evaluation would then 
be a basis for site selection by the Administrator. 
would prepare written and oral reports to the Administrator 

' through the Associate Administrator for Manned Space Flight. 
Additionally, a set o f  Guidelines directed the Board to furnish 
i t s  judgement on certain other aspects of  the conduct and implica- 
tions of  the development program. The Charter and Guidelines 
are presented in  Appendix A. 

The Board 

* Mr. Clarence C. Gay and Mr. Robert Lindley, original appointees, 
subsequently accepted other assignments which precluded their participa- 
tion on the Board. Mr. Day was assigned by letter from the Associate 
Administrator (MSF) dated January 10, 1972. 
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2.2 Method of Operation 

It was decided that the Board would make use of previous and 
concurrent studies by other elements within NASA rather than 
charter special study groups o f  i t s  own. Primary among these 
existing groups were the Entry Aerothermodynamics Technology 
Working Group (Chaired by Mr. Fred Demeritte, OAST); i t s  
Sonic Boom Panel (Chair2d by Mr. Paul Holloway, LaRC); 
the Shuttle Facilities Working Group (Chaired by Mr. Robert 
Curtin), and the Ralph M. Parsons Company, a contractor 
which worked under the direction of  the Off ice of Facilities. 
The Board would also,as far as practicable, follow Source 
Evaluation Board procedures in the collection, handling 
and reporting of informa tion. 

2.3 Bases of  Evaluation 

2.31 Requirements 

2.31 1 Basic Mission Requirements 

The Space Shuttle Program must be able to deliver and 
to retrieve a variety o f  earth orbital payloads as out- 
lined below: 

- Automated Payloads 

. NASA . Non-NASA 
. DOD 

- Manned Flights 

. Sortie . Space Station Logistics . Man-tended Experiment Modules 

These payloads, are distributed among mu1 tiple launch 
azimuths to accomplish as efficiently as possible a 
variety of orbital inc lination/payload combinations 
as folJows: 

2.2 



High 

- Planetary 

- Space Station Supply and 
Experirnen t Modules 

- Earth Observations 

Polar and Near Polar - Scientific and Applications 
Missions 

- Unique, DOD Missions 

2.312 System Configuration 

- Orbiter 

. External hydrogen/oxygen tank 

. Payload compartment: 15 ft  diameter by 60 ft  long 

. Payload to orbit (Up payload) capability 

- 65,000 Ibs. launched due east to 100n.rni. 
from baseline latitude of 28.5O N (KSC) 

- 40,000 Ibs. south polar 

- 25,000 Ibs. to 270 t1.ini.55~ inclination 
orbit with the air breathing engine system 
in the payload compartment 

. Down payload 40,000 Ibs. 
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. Three high chamber pressure, liquid hydrogen - 
liquid oxygen engines with 470,000 Ibs. vacuum 
.thrust each 

. Reusable external insulation thermal protection 
system 

. Staging velocity of 4,000 to 5,000 ft/sec* 

- Booster 

Ballistic water-recoverable vehicle using solid rocket motors (SRM) 

The Space Shuttle System to accomplish the mission/payload com- 
binations as listed above i s  expected to have a gross l i f t  off weight 
(GLOW) of 4.5 to 6 million pounds. In addition to the recovery 
and landing areas, a space vehicle system of this size und configura- 
tion i s  expected to require propellants, gases, clean rooms, ground 
support equipment, and processing facilities o f  the same general 
magnitude as that required for an Apollo Saturn V. 

’ 

2.313 Launch and Recovery Site Requirements 

The general launch and recovery site operational faci l i ty require- 
ments for the orbiter and booster include the equipment and personnel 
to provide: 

Launch Support 

Maintenance 

Logis tics 

Administration 

* The figure presently contemplated for vehicle design. Long term require- 
ments of the site were based on a range of 4,000 to 6,000 ft/sec 
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Utilities, Services, and Site Work 

Orbiter Landing 

Booster Recovery and Refurbishment 

In addition to the. operations site itself, the selected locale 
must afford: 

, Buffer zones surrounding the site Froper 

. Unpopulated areas for booster impact and 
safe ascent aborts 

, Remoteness from downrange populous areas 
to minimize overflight risks 

. A supporting community 

Vertical flight development and subsequent program operations 
are to be accomplished at  the same site. The development phase 
w i  I I require: 

. Tracking and data acquisition systems that 
w i  I I give detailed coverage during boost, 
separation, and orbiter ascent phases 

. Sufficient space to permit safe abort procedures 
that w i l l  minimize hazard to the crew and popu- 
lated areas 

Particular site requirements used in  the screening process 
(section 3) are: 

, Orbiter flyback (i .e., landing field meeting 
standard FAA and DOD regulations) 

. Booster impact i n  20 fathoms of  water from 100 
up to 200 n.mi. down range along each launch 
azimuth 

2.32 Evaluation Criteria 

The Board agreed upon the following factors i n  judging the extent to 
which a site could accept the planned program and would have flexi- 
b i l i t y  to accommodate a program beyond that currently foreseen. . 
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Mission Capability 

-- can mission requirements (payloads and orbits) be achieved 
with minimum degradation i n  vehicle performance 

Booster Recovery 

-- are adequate water area and depth available for recovery 
operations 

Abort Planning 

-- are safe impact zones available for emergency jettison 
o f  external tanks 

-- are ranges of launch azimuth available with acceptable 
overflight conditions 

Logistics PI ann i ng 

-- i s  there convenient access to modes of transport for 
Shuttle vehicles, power, and fuels 

-- does the site adopt well to overall Shuttle logistics planning 

Environmental Factors 

. Weather and Climate 

-_ are weather conditions conducive to continuous operations 

. Air and Water Quality 

-- can the local region accept this program with acceptable 
impact on air and water quality 

. Noise 

-- are areas available for acceptable placement of ascent 
and orbiter return sonic booms 

-- are buffer zones available to assure acceptable engine 
noise levels i n  surrounding communities 
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. Community Impact 

-- would placement of  the program significantly impede the 
pattern of community development 

-- could this program create interference with dedicated 
airspace or important I x a l  community activity 

Programmatic Factors 

. costs 

-- does the proposed site offer the most economical means of 
meeting program requirements 

-- does the proposed complex of facilities lead to prudent use 
of  the existing investment i n  launch facilities 

. Scheduling 

-- can modification and site activation be accomplished to 
meet program r'equirements 

-- would activation of  proposed facilities create disruption to 
on-going programs 

2.33 Treatment of Weather 8, Climate Factors 

Consideration was given to the bases of  weather and climate and the 
frequency of lightning strikes as site evaluation factors. NASA has 
for over 10 years operated a worldwide tracking system -- with sta- 
tions located i n  a wide range of climatic conditions. The Board 
leaned upon that experience to judge that local weather and climate 
were not discriminating factors among the final candidate sites, but 
would have some bearing on construction costs and maintenance of 
a facility. 

Weather does affect the abi l i ty  to work outdoors year round when that 
i s  a requirement -- as for example during construction. To that extent, 
weather and climate enter the evaluation as factors in  cost and manpower 
requirements. 

Recent Air Force studies(') on lightning hazards to aircraft indicate that 
the probability of cloud to cloud lightning strikes i s  appreciable even in 
areas where and a t  times when the probability o f  ground strikes may be low. 
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Therefore, the probability of  ground strikes did not enter as a factor 
i n  site evaluation. The hazards of  lightning are to be considered in  
the Shuttle design through provision of sufficient safe conducting 
paths to guard against adverse effects of lightning strikes which may 
occur. 

2.34 Zelationship of  the Launch Site Selection to other Shuttle Site Decisions 

In the judgment of this Board, the selection of  a launch and landing site 
can be made independently of  other site decisions of  the Shuttle program. 

Aside from the launch and landing site, the agency must select sites for 
manufacture and assembly of  the booster and orbiter and for horizontal 
flight testing. fne Board accepted the program office position that 
sufficient f lexibi l i ty existed to transport the vehicle from candidate 
assembly sites to a coastal launch site. The decreased size of the 
orbiter makes i t s  assembly feasible at many locales and,upon FAA 
approval, the orbiter could f ly from i t s  assembly site to the horizon- 
tal flight test site and to the launch site. Thus, the assembly sites 
and horizontal flight tdst site were not coupled to each other or to 
the launch landing site. 

Requirements for the Shuttle operational site include an airport that 
would be planned to meet current FAAcriteria. Th is  airport w i l l  be 
suitable for orbiter hozizontal flights. 
special provisions that might be considered essential for development 
flight testing would be included. It i s  contemplated that such flight 
testing would be carried out at  one of  the existing aircraft flight test 
centers that have specialized capability for this type of  program; 
for example, such centers as Edwards Air Force Base or the Navy 
installation at  Patuxent, Maryland. During such tests, the aircraft 
w i l l  be pawered by conventional iet engines so that no unusual fuel 
requirements w i l l  be involved. 

I t  i s  not Contemplated that 
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1970 Lightning and Static Electricity Conference, 9-1 1 December. 
Air Force Avionics lab and Society o f  Automotive Engineers, Dec. 1970. 

Lightning Electrical Hazards to Flight Vehicles. Tech. Rept. AFAL-TR- 
69-269, Wright-Patterson Air Force Base, Ohio, and Naval Air Systems 
Command, Washington, (1. C., Dec. 1969, by J. D. Robb, J. R. 
Stahmann, and L. A, Bochland. 

Lightning and Static Electricity Conference, 3-5 December, 1968. Part II. 
Conference Papers. Tech. Rept. AFAL-TR-68-290, Pt. I I ,  Air Force 
Avionics Lab. , Air  Force Systems Command, Wright-Patterson Air Force 
Base, Ohio, May 1969. 
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3. SITE SCREENING 

3.1 Identification of Candidate Sites 

When this Board was formed, the Shuttle system consisted of  
a manned flyable booster and a manned orbiter. The booster- 
orbiter combination was to take-off vertically as a rocket but 
both stages were to land us airplanes. In addition, planning 
called for "airplane-like" operation. These factors implied 
methods of  operation and site requirements quite different 
from those which had prevailed up to that time at existing 
launch sites such a s  Kennedy Space Center and the Vandenberg 
Air Force Base, 

NASA, as part of i t s  overall Shuttle planning, sought an 
operations site which could fulf i l l  the requirements of  the 
new program at minimum cost. For example, a single site 
as opposed to the existing. pair of  launch sites. Spokesmen 
i n  40 states requested NASA to locate the launch and landing 
site within their state. These requests -- some were multiple 
from the same state -- when added to those sites identified by 
NASA resulted in a total field of 150 sites for consideration. 
These sites are listed below. 
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3.2 Listing of Candidate Sites ~ 

WURTBYlTH AIB 

MS FC/REDSTONE 

COCOMNO P L A T E A U  

DAVIS-MONTHAN A F B  

LUKE AF RANGE 

B L Y T H E V I L L E  A F B  

IT. C H A F F E E  

CASTLE A FB 

CHINA LAKE NAB 

EDWARDS A FB 
YlRAMAR NAS 

OXNARD A F B  

PT. MUGU NAS 

VANDENBERG A F B  

I D W R Y  A F B  

P U E B L O  

B U C K L E Y  

DOVER A F B  , 

BARSTOW A F B  

EGLIN A F B  

K S C  - ETR (PATRICK)  

M a c D I L L  A F B  

PENSACOLA NAS 

T Y N D A L L  A FB 
DOBBIN8 A FB 

HUNTER AFB 

MOODY A F B  

T U R N E R  AFB 
C R A T E R S  O F  T H E  MOON 
NEAR A E C  S T A T I O N  

MOUNTAIN HOME A l W  

BOISE COUNTY 

FOR BE9 A F B  

G A R D E N  CITY AREA 

HUTCHINLION/TOPEKA 

HAYS/RUSSELL 

GOODLAND 

SMOKY HILL AFB 
IT. C A M P B E L L  

BARKSDALE A F B  

E N G L A N D A F B  

L A K E  C H A R L E S  A F B  

D O W A F B  

LORING A F B  

P R E 4 U E  EBtE  AFB 

P A T U X E N T  NAS 

OTIS A F B  

WESTOVER A F B  

K I N C H E L O E  A FB 
S E L I W I D G E  A F B  

- 
NYBR 

- 
1 
a 
3 
4 

5 

e 
7 

8 
9 

10 

11 

la  
1s 

I4  
15 

I8 

I ?  
18 

19 

20 

21 
22 

23 

a4 

25 

28 

27 

28 

t o  
30 

31 

31A 

sa 
33 
34 

35 

36 
37 

38 

39 
40 

4 1  

4a 

4s 

44 

45 

46 

47 

48 

49 
50 - 

8 T A T r / L O C A T ) O N  

C R E E N V I L L E  A FB 
L E E S L E R  A F B  

MALDEN A F B  

RICHARDS-CEBAUR A F  

WHITEUAN A r B  

G W S O W  A F B  

MA LMSTROM A F B  

AINSWORTH M urn APRT 
ALLIANCE M U N I  A P R T .  

BRUMNG S T A T E  A P R T  

E P P L E Y  FLD. O m a h  

FAlRMONT S T A T E  A P R T  

GRAND IS M U N l  A P R T  

HARVARD S T A T E  A P R T  

LINCOLN MUNl A P R T  

MrCOOK S T A T E  APRT 
O F F U T T  A F B  

S C O T T B B L U F F  MUNI 
SCRlBNER S T A T E  A P R T  

FALLON NAS 

INDIAY S P R C S  A F R ’ R G I  

LINCOLN COUNTY 

TONOPAH 

EUREKA COUNTY 

N H a m s p h i r c  P E A S E  A F B  

cw Meldco CANNON A FB 
KIRTLAND A F B  

SANDOVAL COUNTY 

WSMR/HOLLOMAN A FB 

WALKER A F B  

rw Y o r k  PLATTSAURCH A F B  

STEWART A F B  

mth CIrollM P O P E  A F B  

SEYMOUR-JOHNSON AFI 

Pth Dakota GRAND FORKS A F B  

MMOT A F B  

FARGO 

BISHARCK 

hi0 CLINTON CO. A F B  

tlahana ARDMORE A F B  

CLINTON-SHERMAN A F  

M I L L  C R E E K  

TINKER A F B  

VANCE A F B  

r.clon BOARDMAN S I T E  

KINGSLEY F I E L D  

L A K E  COUNTY 

AREA O N L Y  

mt 
WBm - 

51 

52 

5s 

54 

55 

56 

57 

58 

59 

60 

61 

02 

63 

04 

65 

66 

67 

68 

69 

70 

71 

72 

72A 

7s 

73A 

74 

75 

70 

70A 

77 

78 

7) 

80 

81 

82 

83 

84 

85 

86 

87 

88 

eo 
90 

91 

92 

9s 

OI 

M A  
95 

- 

S T A T L ’ L O C A T I O N  

M Y R T L E  BEACH A F I  

SHAW A F B  

E L I S W O R T H  A FB 

SEWART A F B  

A M A R I L L O  A F B  

BERCSTROM A FB 

BlGGS A A  F 

BIG BEND A R E A  
BIG B E N D  ALT. 

CAMERON CO. 
C A R S W E L L  A F B  

CONNALLY A F B  

C O R P U S  CHRISTI NA! 

ELLINGTOY A FB 
M. HOOD 

GRAY A F B  

HARLINGEN A F B  

K E L L Y  A F B  

LAREDO A F B  

LAUGHLIN A F B  

LUBBOCK 

MATACORDA A F  RGI 

MATAGORDA COUM 

RANDOLPH A F B  

SH E P P A R D  A FB 
WEBB A F B  

MKHA EL/DUG WAY 

M I L L A R D  COUNTY 

HILL A F B / R G E / D E P O  

WENDOVER A-FD:RCE 

ETHAN A L L E N  A F B  

LANGLEY A F B  

LARSON A F B  

M r C H O R D  A F B  

PAINE AFB 

RICILARD W N G  A F B  

ALBANY CO. 
BIG HORN (3. 

SHERIDAN COUNTY 

CARBON CO. 
CROOK CO. 
HOT SPRINGS M 

S U B L E T T E  COUNTY 

JOHNSON CD. 
F. E. WARREN A I I  

NAfRONA CO. 
PARK CQ 

WASHAKIE CO. 
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3.3 lrnpact of  Configuration Definition 

On March 15th, 1972, NASA selected a ballistic, water- 
recoverable, solid rocket booster and thus fully defined the 
Shuttle vehicle configuration. The OMSF determined the 
suggestions of guiding the booster to a pre-selected impact 
site and of  land recovery to be unfeasible. Based upon 
Titan experience fx normal launch dispersion, the Board 
iudged that no inland body of water provided sufficient 
area for booster impact. (Except possibly the Great Lakes 
where community encroachment would preclude this program.) 
Thus further consideration was limited to coastal sites. 

Up to that time, the Board had considered inland sites for 
use with an expendable booster option, A detailed account 
of  that screening procedure was not considered pertinent to 
this report. (See Appendix B.) The conclusion was that. 
because of the vast area required for impact of the unguided 
booster and for possible emergency jettison of  the H - 0  tank, 
no inland site could be found which would provide more than 
just a few launch azimuths. No inland site could furnish launch 
azimuths for both easterly and polar launches. The Board judged 
i t  imprudent to so constrain the future course of this long-range 
program, as would be inherent in  the selection of  an inland site. 
Coastal sites afforded multiple azimuths and much greater flexi- 
bility to adapt to changes in the program. 

3.4 Screening of  Coastal Sites 

Figure 3.1 shows the footprint used to determine available 
booster impact zones along launch azimuths from candidate 
sites, 
ascent sonic boom which the Byard judged could not be placed 
on inhabited areas. The landing field requirements are shown 
i n  figure 3.2 by the FAA/DOD imaginary-surface layout, 
Finally, the site must include sufficient area for buffer zones 
to assure acceptable acoustic impac t on surrounding communi ties. 
As explained in section 5.13, the Board used a sound pressure 
level o f  115db at the boundary to size the site, This resulted 
i n  a requirement for about 64,000 acres of  government controlled 
land at  the site. These specific site requirements together with 
launch azimuth requirements (figure 3.3) were used to screen 

sites as follows: 

The figure also shows the ground trace of the focussed 
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n 0 The west coast area -- except VAFB -- were 
eliminated because of terrain l imi tat ips and 
because existing community development would 
impede or prevent necessary land acquisition. 

o The east coast north of’chesapeake Bay was elimi- 
nated because i t  was unlikely that the government 
would acquire sufficient land area for the site (i.e., 
existing community encroachment). Sites i n  North 
and South Carolina apparently had clear azimuths 
available. Closer investigation showed that the main- 
land areas had well established and growing resort 
communities; the islands were too small to accommodate 
the site. 

Thus on each Ocean coast only the two existing sites survived, and 
these sites each had limitations. Please refer to the maps in figures 
3,4(a) and 3.4(b). VAFB could provide near polar and retrograde azi- 
muths --particularly for sun-synchronous applications missions and 
to support Air Force requirements. VAFB could not provide easterly 
launches. (Due-east launches are favored during development for 
they provide the greatest margin for orbit insertion.) KSC could 
provide the easterly azimuths vital to the development program and that 
carry the major portion of  mission traffic. KSC could not, however, 
provide azimuths for polar or sun-synchronous orbits during the early 
phase of  the program. Southerly headings would have booster impact 
on land. 
by the orbiter shortly after staging. 

Northerly launches would incur suborbital land overflight 

The OMSF determined that, during the early development period, 
land overflight o f  the orbiter would be restricted; thus the most 
northerly heading at  KSC would be about 35’ east o f  north. To 
maneuver from such a heading into polar orbit would require too 
severe a payload penalty to accomplish many of the missions. 
Based on existing requirements, 10 to15,missions a year could 
not be flown from KSC. Thus no single existing site could meet 
a l l  program requirements. 

Upon investigating the Gul f  coast, an area was found in Matagorda 
County, Texas that had potential to accommodate much of  the total 
program. This site apparently had cleared areas for booster impact 
and recovery and the area seemed sufficiently free of existing 
development to warrant further investigation. (See figure 3.5) 
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To summarize, screening, in the wake of booster selection, 
resulted in two f,nal site options: 

. A single, now virgin, Gulf-coast area 
(Matagorda, Texas) 

. h e  pair of east/west coostil sites (KSC/VAFB) 
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4. DETAJ LED EVALUATION 

4.1 Cost Comparison of Alternative Site Options 

4.1 1 Summary of  Results 

The cost analysis shows that to construct and equip a 
new site for shuttle operations requires an investment 
of over $300M more than the cost of  establishing the 
same capability a t  the two existing launch sites, 
KSC and Vandenberg. The analysis also shows that 
the cost savings in operation of  the single site versus 
the dual site do not overcome this significant differ- 
emmin in i t ia l  investment costs and the added costs 
of phasing in the.operations at a new site. The total 
cost for construction, equipment, and operation 
(through 1990) at a single site i s  more expensive by 
$228M (see figures 4.1 8, 4.2). This  difference, of 
course, does not recognize that benefits through lower 
annual operating costs wi I I continue to accrue after 
1990 for the single site alternative. On a present 
value basis -- using a discount rate of 10% -- the 
dual site cost advantage i s  $256M. However, con- 
sidering the continuing savings after 1990, the cost 
advantage i s  reduced to $225M by extrapolating the 
$21M annual savings a t  a single site to inf ini ty (see 
figure 4.3). 

Based on DoD operational policies, the single site does 
include dedicated facilities for DoD use. 
the analysis includes other assumptions which result i n  
a heavy bias i n  favor of  a new site, e.g., the construc- 
tion index a t  KSC and Vandenberg i s  1.15 compared to 
1.0 at the single site and no added contingency was 
included for the new single site altliough constructing 
a new faci l i ty at a virgin site would very l ikely involve 
a much higher risk than would apply to the dual existing 
sites . 

However, 

The most compelling result, however, i s  that sensitivity 
analyses show that even i f  the investment costs at  the 
new site were reduced by $316M to the level of the dual 
sites, the single site would not have an economic advantage 
on a present value basis. This i s  so because of  the earlier 
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demand for funding at the single site. Further, i f  
the annual operational cost advantane a t  the new 
site were doubled over the results derived i n  base- 
l i n e  cost estimates and continued in  perpetuity, the 
cost difference in  the two alternatives would be 
virtual IY zero. 

Accordingly, the clear conclusion of this tradeoff 
study i s  that the single site does not have a favorable 
economic advantage over the existing two sites. This 
result occurs despite the fact that most o f  the economic 
factors and assumptions were biased in  favor of the new 
site operations, e.g., the construction price index, 
activation costs, close-out costs at  KSC, payload, 
range, and GSE costs a l l  reflect benefit to new site. 

4.12 The Analysis 

Scope of Study 

The economic analysis addressed total costs required 
to establish ful l  operational capability a t  alternative 
sites. In the case of the transfer from present sites to 
a new site, only those costs incurred at the present site 
to complete the approved program and the relocation 
costs associated with transfer o f  existing functions were 
charged to the new site. Cost penalties were not 
assessed for monetary incentives to attract personnel 
to a remote site or inefficiencies due to regression in  
learning. 

The general categories of  costs identified for this study 
are: 

( I )  Facilities (figure 4.5): e.g., airfield, launch pads, 
vertical assembly buildings, etc. 

(2) Launch site equipment (figure 4.6): 

(a) Vehicle GSE: Shuttle system checkout equipment 
a t  launch site. 

(b) Range instrumentation: Tracking, telemetry, range 
safety. 

(c) Support equipment: Shops, labs. 
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(3) Activation costs: Associated with installation of  
equipment i n  facilities, integration of equipment, 
and modifications required to bring total faci l i ty 
to operational readiness. 

' 

(4) Operations (figure 4.7): Costs associated with 
. operating the launch and landing site at  the re- 

quired Shuttle launch rate, including payload 
processing and range support. 

Fac i I i ties 

The cost estimates for the facilities category were based 
on a functional analysis o f  the shuttle system, identifying 
the types and sizes of facilities required, modified by 
peculiarities at  each specific site such as existing capa- 
bility. The cost estimates were developed using conven- 
tional construction cost estimating methods, and included 
design engineering contingencies, and Government super- 
vision, but not escalation. 
used was biased in  favor of a new single site. The results 
of the analysis indicate that the cost of construction at the 
existing dl'ral sites (KSC/VAFB) i s  about $2OOM less than 
the cost of faci l i t iz ing a - new single site. 
County was used i n  the analysis). The dual site assumes 
two pads a t  KSC for a 40 launch per year capability; one 
pad at  VAFB for 20 per year; and three pads at the single 
site for 60 per year with one pad dedicated to DoD missions 
(see figure 4.4). The single site costs are estimated at 
$665M, including $90M for payload processing facilities, 
and $30M for range instrumentation and safety facilities. 
The dual site costs are estimated at $461M (see figure 4.5). 

The construction price index 

(Matagorda 

A detailed inventory of  the construction items required at 
each site and the costs estimated for each item has been 
compiled and i s  attached as Appendix C' to this section. 
A comparison of construction costs of the various sites 
reflects the wealth of facilities available at KSC and the 
difficulty of building at VAFB -- a single pad operation 
at  VAFB i s  more than half the construction cost of a three 
pad operation at  Matagorda, which includes over $70M 
for purchase of  land and site preparation, i n  addition to 
the range and payload processing costs cited above. 
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The payload processing facilities ($90M) and range 
instrumentation and safety facilities ($30M) are signifi- 
cant costs associated with the new site, These values 
were estimated following an intensive analysis of require- 
ments, launch rate, and historical costs. The minimum 
requirements approach was used i n  developing these values 
and they represent the minimum level necessary to estab- 
lish the sh ttle capability as presently understood. 

Launch Sire Equipment 

The launch site equipment estimated at each location 
included vehicle GSE requirements, payload processing, 
and range instrumentation. The vehicle GSE was estab- 
lished based on an inventory, by line item, of major 
equipments as priced by one of  the major shuttle vehicle 
prime contractors during the Phase B costing. The inven- 
tory was analyzed for quantity impact based on the rate 
at each launch site. The cost ut the single launch site 
was $56M compared with $84M at the dual sites (see 
figure 4.6). In the case of  range equipment, each site 
was configured in  terms of minimum range instrumentation 
necessary to satisfy mission a d  safety requirements. These 
requirements were reviewed with DoD, MSC, KSC, and 
OTDA. The results of this assessment indicated that a 
new range at  the single site would cost about $85M and 
that the present range a t  VAFB required about $21M o f  
augmentation for a dual USB capability. In developing 
the payload processing requirements for the shuttle opera- 
ti,onal capability, the generic paylods and expendable 
stages in the NASA mission model were reviewed. The 
payload processing functions indicated by the classes of  
payload were defined and the equipments necessary to 
perform the function were identified, together with the 
capability to accommodate the launch rates i n  the mission 
model, The historical costs o f  equipments required to 
prepare the payloads were analyzed and an estimate for 
establishing this capability a t  the various sites was pre- 
pared, A cr i t ical  assumption in the costs of the payload 
processing equipment 'was that most o f  this equipment (70%) 
available at  an existing site, could be moved to a new site. 
On this basis, a cost of $28M for payload equipment was 
included for the new site, 

r 
4 
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Site Activation 

i 

Site activation was estimated using a factor based on 
recent _experience applied to the total construction 
and equipment cost. The factor apblied was 27% at 
a l l  sites. This  factor i s  less than the 30% experienced 
on major ApoIlo sites, i .e., KSC and MTF and more 
than the 12-15% experienced on some large DoD 
activities. e.g., Titan 111  at ETR. 

ODera tions 

The operations estimates for the launch and landing 
sites include: vehicle and payload checkout and 
launch crews; technical shops and lab support; dedi- 
cated range support; administration and housekeeping 
support personnel; and supp,l ies, propellants, spares, 
and other logistics (see figure 4.7). The launch and 
checkout crews were estimated based on historical 
crew sizingfactors keyed to units in  flow. Empirical 
data indicates that for a launch rate of 20 per year, 
one unit i s  i n  flow; 40 per year indicates two units 
i n  flow; and 60 per year indicates three in  flow. 
Our history reflects that the crew size for the second 
unit i n  flow i s  about 70% of the first and 50% of the 
first crew for the third crew. Total manpower for each 
case i s  shown in  figures 4.8, 4.9, and 4.10. 

Program and technical support crews and base support 
manpower were developed from man-loading require- 
ments for each group based on engineering manning 
estimates for functions required to be supported for 
the number of  vehicles i n  flow for vehicle sensitive 
functions and for facilities and maintenance require- 
ments for others. The level of  c iv l l  service manpower 
was kept at 2,400 for each case. 

Estimates for shuttle logistics support are based on 
quantities keyed to launch rate for propellants, spares, 
and other vehicle sensitive supply requirements. E s t i -  
mates for general support for both RBD and R&PM are 
based on current spending rates, adjusted to estimated 
total manpower to be supported and the number of  sites 
i n  operation. 
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The support required for the phasedown of current 
KSC programs includes unmanned launch  operations 
through 1981 and current manned program schedules 
through the docking mission in 1975. ULO support 
requirements have been adjusted, as appropriate, in 
the single site case to reflect 'the phaseout of KSC. 

Other Considerations 

The impact of locating a launch and landing operation 
of the dimensions of the shuttle on a n  undeveloped 
geographical area could require significant additional 
Federal fukds to provide or improve community services 
such as wclter, sewage, schools, highways, hospitals, 
fire and police, post office, etc. Based on the direct 
manpower a t  the new single site, i t  can be estimated 
that the total population of the local community would 
approximate 60,000. The extent of Federal participa- 
tion in assisting the community improvement obviously 
determines the funding requirements. The estimates do 
not include consideration of these potential additional 
requirements. A review of the Government/community 
growth experience a t  KSC/ETR indicates a community 
size of about 250,000 and direct Federal assistance of 
about $125M. 

I 

4.6 



4.2 Site Evaluations 

._ .._ " 9  4.21 Kennedy Space Center/Vandenberg Air Force Base 

Performnce Capability 

Th is  pair of sites has jointly satisfied most of the 
national launch requir;Aments for over 10 years and 
has the capability to meet a l l  foreseeable require- 
ments. These sites complement each other. KSC 
provides clear launch azimuths i n  the easterly direc- 
tion for low inclination orbits. These orbits w i l l  
carry the bulk of Shuttle program missions including 
the early development flights. The easterly direction 
provides the greatest margin for assuring orbit insertion. 
The polar flights which would require dog-leg maneuvers 
from KSC can be easily accommodated at  VAFB. Most 
importantly, VAFB can provide the westerly launches 
required in certain Air Force missions. Thus these two 
sites meet the known requirements of  the national program 
and afford opportunity for fu l l  utilization of Shuttle 
capabilities. Booster impact and recovery zones are 
available. The abi l i ty  to launch toward open ocean 
areas provides space for emergency jettison of H - 0  
tanks and gives freedom from land overflight early 
in  the ascent trajectory. The existing sites fit con- 
veniently into overal I logistics planning. KSC facil- 
ities could be used for H - 0  tank transport and the dock 
area could be modified to accept the towed recovered 
booster. Recovery at  Vandenberg would require con- 
struction of  necessary dock facilities; these costs were 
included in the economic analysis. 

Environmental Impact 

In over 10 years of  operating experience, the environmental 
impact of launch programs at  KSC and 'VAFB have been 
wholly acceptable. As the Shuttle program w i l l  be within 
the l imits of  NASA and Air Force experience with Saturn 
and Titan vehicles, there i s  confidence that the environ- 
mental impact o f  the Shuttle w i l l  also be acceptable. The 
Board presumes that similar operating procedures w i l l  be 
developed so that the experience w i l l  be directly appli- 
cable to the Shuttle program, 
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Launch azimuths are available which w i l l  place ascent 
sonic booms over water areas where their effects w i l l  
be acceptable (see Section 5.12). Adequate buffer 
zones are available so that engine noise levels during 
the launch w i l l  not exceed acceptable levels in  the 
surrounding communities. The environmental implica- 
tions of engine exhausts are treated in  Section 5.21; 
successful Titan experience applies directly to KSC 
and VAFB giving greater confidence of acceptable 
environmental impact of  the program. Current launch 
operations at both KSC and VAFB use cooling water to 
protect the flame deflector. This water i s  contained 
and allowed to cool before release so the risk of  thermal 
pollution i s  slight. Finally, i n  the experience of  the 
launch program, no adverse effect on wildlife has been 
observed at KSC or VAFB. 

The community impact at  KSC would be favorable. Peak 
space program employment at  KSC was about 25,000; 
this figure i s  now about 15,000. Thus the community 
has the capacity to accept this program. Since the 
development program would be performed at KSC, the 
build-up a t  VAFB could be gradual and phased to be 
acceptable. Of the two options, utilization of the 
existing sites would provide the lesser disruption. 

Programmatic Factors 

The cost studies show utilization of  the existing sites to 
be the lower cost mode of  operation. Range equipment, 
payload processing, and data handling facilities and 
experienced personnel are resident at  KSC -- and to a 
lesser extent at  VAFB. These lead to a much lower 
in i t ia l  cost for KSC/VAFB which outweighs the ultimate 
savings i n  operations cost at  a single new site. 

Operating experience at  KSC and VAFB and freedom from 
the necessity for land gives much greater assurance of  
meeting funding limitations and scheduling requirements. 
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4.22 Matagorda County, Texas 

Mission Capability 
i 

A range of sites in  the county were identified for 
possible site location including the Air Force faci l i ty 
on Matagorda Island. Of this range, a mid-county site 
seemed most acceptable but on due-east launches could 
create a focal zone on land. Th is  could be avoided 
through recourse to launch vehicle maneuvers which 
would, however, degrade vehicle performance. The 
payload margin which exists for due-east launches 
may be adequate to cover these maneuvers. 

Booster impact and recovery zones are available. 
However, the orbiter ground track for due-east and 
sun-synchronous launch azimuths passes very close to 
land. Abort maneuvers could place the ground track 
or instantaneous impact points over land. Thus -there 
i s  less room for f lexibi l i ty i n  abort planning and po- 
tentially less area for emergency jettison of H-0 tanks 
in Gulf-oast launches. The Gulf-coast site could fit 
conveniently into logistic planning. It i s  accessible 
by barge and rail. It i s  close to the Manned Spacecraft 
Center for management purposes. And due-east launches 
have impact zones not too distant from the Michoud 
Facility which could be used for refurbishment of the 
recovered boosters. 

, 

Environmental Factors 

Environmental factors for this site have not been ful ly 
evaluated. Based on experience elsewhere, facilities 
would be developed and operated to assure acceptable 
environmental impact (e.g., containment o f  cooling 
waters, weather survey prior to launch). Sonic boom 
limitations were discussed above. Site design and 
land acquisition would have to provide buffer zones to 
assure acceptable noise levels in  surrounding communi ties. 

However, the need to acquire land i s  a potential source 
of  adverse community impact and disruption. This i s  
also a potential source of  delay in  conducting the program 
because of  the possibility o f  litigation. Though land was 

. -  
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acquired for KSC and MTF, there i s  considerably more 
environmental concern at this time. In addition, i f  the 
land i s  occupied there i s  now specific legislation regard- 
ing relocation of the inhabitants prior to acquisition. 
Finally, selectkm of Matagorda could potentially disrupt 
three communities, KSC, VAFB, and Matagorda County. 

Programmafic Factors 

The cost studies show the large in i t ia l  investment in 
the new site to outweigh the eventual savings in 
operating costs. If anything, the risk of delays 
tend to increase the in i t ia l  costs a t  a hew site. 
In view of the absences o f  clear cost or mission 
performance advantages, the Board questions the 
need to pursue further the evaluation of this or any 
other new site. 
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5. EN WRONME N TA L CON S I D ERA TI 0 N S 

5.1 Noise 
-I 

5.11 The Sonic Boom 

As any body flies through the air, the air must part 
to make way for that body and then close itself once 
the body has passed. In subsonic flight, pressure 
signals (precursor waves which travel at the speed 
of sound) move ahead o f  the body to forewarn o f  
i t s  approach. So the parting of  the air and the 
passage of  the body i s  a smooth process. ’Yn super- 
sonic flight, precursor waves cannot precede the 
body, the parting process i s  abrupt. A bow shock 
wave parts the air which generally expands as it 
passes around the body and then a trailing shock 
wave recompresses the air a s  i t  closes behind the 
body. Th is  general pattern of bow shock wave, 
expansion region, and recompression shock i s  
idealized as the N-wave signature commonly 
associated with the sonic boom. (See figure 
5.1. for further nomenclature.) 

The abruptness of the pressure changes are respon- 
sible for much of the concern about the sonic boom. 
They give i t  the startling audibility and dynamic 
characteristics o f  an explosion, and even at great 
distances from the vehicle where, according to the 
results o f  many studies, the pressure levels produced 
are physically harmless, some public complaints are 
received. These facts are of  concern in Shuttle opera- 
tions because segments of the trajectories followed 
during ascent and descent involve supersonic flight 
within the atmosphere. 

The characteristics of the shock pattern at i t s  source 
are influenced by flight path characteristics -- e.g., 
altitude, speed, and accelerations either along or 
transverse to the flight path -- and body character- 
istics such as bluntness, weight, and volume. The 
pressure signature that reaches the ground i s  subject 
to the additional factors of air turbulence and tem- 
perature variations of the atmosphere traversed by 
the pressure wave. 
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Extensive knowledge of  these factors developed by 
past studies of conventional supersonic aircraft pro- 
vided much of the basic information required for pre- 
diction of the sonic boom pressure patterns (;.e., 
footprints) o f  the Shuttle. It was necessary, however, 
to extend this basic knowledge by additional studies 
and experimenis so that i t  would apply to the Shuttle 
shape and the extremely high speeds and altitudes at 
which i t  operates. 

An authorative summation(') of the aircraft results 
has been recently provided by the International Civ i l  
Aviation Organization (ICAO). In review of the effects 
of sonic boom, the ICAO Panel concluded: 

1. The probability o f  immediate diredt injury to 
persons or animals exposed to sonic boom i s  
essentially zero. 

2. The percentage of  persons queried who rated a 
sonic boom as annoying increased with increasing 
overpressures. For overpressures less than one-half 
pound per square foot (psf), no one rated the boom 
as annoying, whereas about 10 percent considered 
one psf annoying, and nearly a l l  considered 3 psf 
annoying. Annoyance factors are, however, greatly 
influenced by the frequency of occurrance. In the 
test subject evaluation of noise levels quoted by ICAO, 
the subiects were asked to base their response on a 

. projected rate of occurrence of  10-15 booms per day. 

3. Primary (loadbearing) structures meeting acceptable 
construction standards or i n  good repair showed no 
damage up to overpressures of  20 psf. Nonprimary 
structures such as plaster, windows and bric-a-brac 
sustained some damage at overpressures of  from one 
to three psf. 

4. Ground motions from sonic booms were found to be 
of the same order of magnitude as those caused by 
normal occurrences such as footsteps, running, 
vehiFular traffic, etc. 

Three phases of the Shuttle mission create sonic boom 
disturbances - ascent, booster entry and orbiter entry. 
Ench mission phase is disc ussed separately . 
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Ascent 

The ascent leg w i l l  create the largest magnitude sonic 
booms of the mission. Two effects cause the sonic boom 
levels to be more severe than for the entry phases. The 
f i rs t  i s  a fbcusing condition created by the combination 
of the longitudinal acceleration and pitch over maneuvers 
necessary for the vehicle to achieve orbit. These factors 
result in Q parabolic-shaped focal area which i s  located 
approximately 33 n.mi. from the launch site along the 
ground track and extends in a curved arc (curving away 
from the site) for about 40 n.mi . to either side o f  the 
track (i.e., out to lateral cutoff'). Lateral cutoff occurs 
when the local gradient in the speed of sound causes the 
ray path to turn to a horizontal (parallel to the ground) 
orientation. This focus zone occurs at the f i rst  inter- 
section of  the sonic boom disturbance with the ground 
level. No sonic boom disturbance w i l l  occur between I 

the launch site and ths focal zone. Overpressure levels 
within the focal region cannot be predicted by theory; 
however, flight test data for aircraft indicate that the 
pressures may be expected to be two to five times nominal 
values with focus factors of  up to nine having beenmea- 
sured for some very severe maneuvers. 

The second effect increasing the severity of the sonic 
boom for ascent i s  the rocket plume. The plume increases 
the effective size of the vehicle and preliminary tests 
have indicated that the nominal overpressures may be at  
least doubled due to plume effects. Predictions of the 
overpressures along the ground track near the focal region 
including plume effects show that nominal levels of  6 psf 
or higher may be expected. Thus, levels approaching 30 
psf cannot be completely ruled out in the focal zone. 

The intense overpressures in the focal zone w i l l  be limited 
to a very narrow region along the track on the order of 300 
meters in depth which would diminish in depth moving away 
from the track toward lateral cutoff. Nominal overpressures 
outside the focal zone decrease i n  level with increasing 
distance from the groundtrack, and from flight data we know 
that the focus factors tend to stay constant or decrease with 
increased distance from the groundtrack. These conditions 
lead to the conclusion that overpressures of 10 psf are possible 
near the lateral cutoff o f  the focus zone. 

At a distance of 45 n.mi. from the launch site, the sonic 
boom overpressure level w i l l  have decreased to less than 
one psf. 
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The existence o f  the focal zone must be recognized in 
Agency planning. An analysis w i l l  be conducted to 
determine i f  trajectory tailoring can eliminate this 
condition without seriously restricting payload. Th is  
study must, however, evaluate a great many parameters 
and cannot be realistically undertaken unti l  a more 
precise knowledge of staging velocity and the nominal 
trajectory i s  available. Also, i t  should be recognized 
that the estimates of  overpressure for the ascent phase 
are based on experimental and flight data obtoined on 
a series burn launch system. A study of the effects of 
parallel burn w i l l  be conducted i n  the f i rs t  quarter of 
FY-73 (including ground testing by the Ames Research 
Center) which w i l l  pro’vide higher confidence level 
predictions for Shuttle operations. 

Based on the current understanding o f  the ascent sonic 
boom characteristics and the knowledge o f  the effects 
of sonic boom disturbanzes obtained through the air- 
craft programs, the Board feels that the severe over- 
pressures associated with the focal zone must be pre- 
vented from occurring i n  any inhabited area. The 
area subjected to the focal zone (less than 10 square 
n.mi.) and the location for a s t i l l  atmosphere may be 
predicted accurately. Winds, however, can cause 
significant shifts i n  the location of  the focal zone so 
that a much broader area must be cleared than that 
which would be effected during a single launch. 
Using the detailed wind model developed for KSC 
and calculating the dispersions that would be expe- 
rienced for a 95 percentile wind from various direc- 
tions the focal zone may shift as much as 5 n. mi.up- 
range (toward the site) and 3 n. mi. downrange. 

Finally, focus booms occur during the Apollo launches, 
but are unnoticed since they occur over a very small 
area at sea. 

Booster Entry 

After stage separation, the orbiter stage continues to 
accelerate to orbit while the booster stages reenter the 
atmosphere. 
velocity, the spent solid rocket motors are expected 

Based on current estimates of  staging 
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to splash down at a distance no greater than about 
220 n.mi. downrange o f  the launch site. After staging, 
the sonic boom disturbance from the spent cases i s  
init ially very low ( ~ , 0 1  psf) with the level increasing 
rapidly after the cases past apogee and begin the ballistic 
entry. Predictions based on representative sonic boom 
signatures shown that the maximum overpressure during 
booster entry (near splashdown) w i l l  be between 2-3 psf, 
similar to that experienced with the Nation’s current 
stable of expendable launch vehicles. 

Superiinposed on the area covered by the booster entry 
sonic boom disturbance w i l l  be the overpressure created 
by the orbiter as i t  continues to orbit. This footprint has 
the opposite characteristics of  decreasing overpressure 
with increasing distance from the launch site. Due to 
differences in velocity and altitude, the two disturbances 
would not be expected at a given location on the ground 
simultaneously. In the area of greater than 55 n. mi. 
downrange but less than 122 n. mi. (prior to booster 
entry),. the overpressure level w i l l  be less than 0.25 psf 
across the footprint. 

Orbiter Entry 

Based on extensive analytical work throughout the Agency 
and on an exhaustive experimental program conducted by 
the Ames Research Center, the sonic boom characteristics 
of the orbiter vehicle, which w i l l  have significant segments 
of land overflight, are available to a fine level of detail 
and high- level of accuracy. Nominal overpressures during 
orbiter entry w i l l  not exceed one-half psf unti l  the vehicle 
i s  within 350 n.mi..,of the launch site. Overpressures of  
one psf are exceeded at  about 100 n. mi. from the launch 
site and the peak overpressure for an open loop guidance 
system would be less than 1.5 psf. Closed loop guidance 
schemes which w i l l  require some maneuvering in the 
terminal portion of  the entry for error correction can 
increase the overpressures, purticularly in localized 
areas. A preliminary analysis of realistic, c losed-loop 
entries indicated, however, that limits on the guidance 
system shpuld permit control so that the nominal maximum 
overpressure for any orbiter en try wi I I not exceed 2.0 psf, 
(More detailed information wi  I I be available by mid 
1972 .) 
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The sonic boom characteristics associated with orbiter 
entry are, therefore, at worst in the range of nuisance 
.or annoyance. Analysis of the extensive aircraft expe- 
rience has not provided any correlation for overpressures 
of this magnitude and expected physical damage. The 
annoyance factor associated with these low levels of 
overpressure is also very questionable due to the infre- 
quency of occurrences. As mentioned earlier, the ICAO 
conclusions were based on an estimated frequency of 
10-15 times per day. Except for the immediate area of 
the launch site (within 40 n.mi,), any given area would 
not be exipected to experience booms exc&eding one psf 
more than a few times per year due to the varying approach 
angle to the launch site caused by varying inclination and 
re turn opportunity . 

\ 

In summary, the Site Evaluation Board has considered the 
capability to place the sonic boom footprint so that the 
impact on existing communities and the potential restric- 
tion to flight operations are minimized as a screening 
criteria in site assesSment. Trajectory shaping studies 
coordinated with systems design and flight operations 
activities aimed at alleviating the sonic boom over- 
pressures and/or controlling the placement of the foot- 
print in acceptable areas will continue. In light of our 
current understanding of the sonic boom characteristics, 
the severe focal boom region occurring early during ascent 
must be given special consideration; for the remainder of 
the mission, overpressures are down in the gray area of 
questionable nuisance or annoyance. 
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5.12 Sonic Boom over Ocean Areas 

, 

Available evidence shows i t  to be highly unlikely that 
adverse effects w i l l  result from Shuttle-generated sonic 
booms over the ocean. According to the ICAO report 
(l) ,  "Experience from Concorde test flights over water 
and many years of  military flying over the sea, i n  parti- 
cular near land where many ships and small boats are 
found, has not yielded any evidence of human distur- 
bance by sonic booms at sea." Masking duel'to back- 
ground noise tends to lessen the effects of sonic booms 
on people aboard ship, and vibrations and other motions 
which would be unacceptable in  buildings are common- 
place on board a ship. 

Direct damage to surface craft. i s  very unlikely. During 
controlled experiments on monitored buildings, no sonic 
boom damage was observed at  nominal peak pressures up 
to 6 psf (18). Ships and sea-going vessels are bui l t  to 
withstand greater stress than buildings. They must take 
repeated loads due to wind, waves, cargo handling, and 
machinery induced vibration. Hence damage to ships i s  
very unlikely. Furthermore, given the infrequent schedule 
of  Shuttle flights, i t  should be possible to provide warning 
to surface craft where high pressures are expected. 

It i s  unlikely that sonic booms pose a hazard to fish or marine 
life. Evidence shows (2,3) that below Mach 4.5, the N-Wave 
reflects from the surface of the water as though i t  were solid 
land. A. pressure field i s  set up in  the water but i t  does not 
propogate and i t s  level decays very rapidly with depth. This 
i s  shown graphically in figures 52 and 5.3 (from ref. 2i) which 
compare the theoretical pressure distribution from a sonic boom 
with ambient acoustic pressure spectrum in  the ocean. The 
boom pressures are greater than the background noise only 
over a limited ' ortion of  the spectrum. 
shows the rapiJdecay of  the boom pressure as depth increases. 

Figure 5.4 (from ref. 3 )  

Tests of fish mortality were conducted using underwater explo- 
sives. These tests showed that much higher pressure levels than 
those of  sonic booms were necessary to show appreciable fish 
mortality . 
Theory indicates that above Mach 4.5 an acoustic wave may be 
transmitted from the air into the ocean. If so, the pressure field 
would propogate over longer distances and decay less rapidly than 
i n  the non-propagating case. Nevertheless, the pressures would 
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sti I I be very sma I I compared to common hydrodynamic 
pressures. The maximum surface pressures expected from 
Shuttle associated sonic booms are about 6" of water -- 
the equivalent of very small wavelets or heavy spray. 
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5.13 Treatment of Engine Noise 

The engine noise associated with Shuttle operations was an 
important evaluation factor because of  i t s  environmental 
impact and possible efkct  on community acceptance of  the 
program. In arriving at  acceptable acoustic pressure levels, 
the Board had the bet-!efit o f  NASA's long experience (over 
12 years) in launching large rockets of  the Saturn family. 
Durlng the early planning for the ApoIlo program, NASA 
concluded thai noise levels below 115 db posed no 
hazard to uncontrolled personnel or structures -- particu- 
larly during the 'brief exposure associated with a vehicle 
launching. Successful operation of  the ApoI lo program 
substantiated this conclusion. 

Available information indicates that the Shuttle launch 
vehicle wi l l  not significantly depart from our Saturn experi- 
ence. The detai Is of  the acoustic energy spectra are expected 
to be somewhat different but the overall sound pressures w i l l  
be of  the same general magnitude. Most importantly, i t  does 
not appear tha; the Shuttle w i l l  go beyond the ugency's earlier 
bases for the acquisition of real estate and the provision of 
buffer zones surrounding a launch site. Thus, the Board could 
uncover no compelling reasons for modifying the conclusions 
previously adopted by this agency. 

The orbiter may use an air breathing iet engine system for 
short periods of  time following reentry for return to the 
recovery s i te  and also for ferry flights required by manu- 
facture.and overhaul operations. These flights wi I I  be 
infrequent and at  subsonic velocities similar to current 
large i e t  aircraft. It i s  contemplated that up to four iet 
engines of  the type being developed for the F-14/F-15 
aircraft wi l l  be used on the orbiter. Four of  these engines 
at  maximum power setting at sea level static produce a 
maximum perceived noise level of approximately 108 db 
at  twelve hundred feet sideline distance from the aircraft 
centerline. These engines have a maximum thrust level of  
approximately 18,000 pounds each, about half that of the 
iet engines used on the 747 aircraft. 
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5.2 Media Pollutants 

5.21 

5.22 

Air Pollutants 

The only potential source of  air pollution i s  the hydrogen 
chloride (HCI) formed i n  the exhaust o f  the solid rocket 
engines. This may create potentially huzardous condi- 
tions in  the immediate vicinity of  the launch sitt: for a 
short period of time. Extensive theoretical calculations 
and some measurements made of solid rocket launches 
indicate that concentrations at ground level beneath the 
exhaust cloud are well below the maximum allowable 10- 
minute concentrations for man, and that the principal con- 
cern i n  the case of  normal launches i s  the possibility o f  
rain leeching out the HCI from the exhaust cloud in 
concentrations sufficient to be dangerous. 

This same potential exists for the currently operational 
Titan 111 system. Standard operational procedures have 
been adopted that defer launches i f  weather conditions 
are such that the predictions of exhaust cloud concentra- 
tions, movements, and weather might create unacceptable 
conditions. The success of these precautions i s  demonstrated 
by the launching o f  a l l  twenty Titan 1 1 1  vehicles without 
incident. Similar operational constraints wi l l  be imposed 
on space shuttle launches to eliminate the possibility o f  
unacceptable HCI concentrations in  the air or on the 
surface. Furthermore, the launch site evaluation includes 
full consideration of  HCI emissions; the launch site w i l l  be 
la id out to ensure that any hazard potential i s  minimized. 

In the event o f  on-pad fire or low-level abort of the booster 
with a l l  the solid propellants consumed in the resulting fires, 
concentrations would be higher than for normal launches, 
but s t i l l  within the allowable limits. 
strated reliability of  man-rated launch vehicles to date, and 
considering the space shuttle design, inspections, and quality 
control requirements, such an abnormal event i s  considered 
very unlikely. 

Based on the demon- 

Water Pollutants 

The only possible impact on local water quality i s  the use of 
cooling water to protect flame deflectors during launch opera- 
tions. Standard operating procedure cal Is for the containment 
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of the cooling water until acceptable thermal levels are 
reached before release. This  procedure w i l l  be continued 
at  the existing sites or an equivalent w i l l  be incorporated 
i n  the design of a new facility. 

5.23 Other Environmen ta I Considerations 

Operations at existing launch sites have shown no adverse 
effects on wi ld  l i fe and land use. Many citrus groves 
acquired by the Government at KSC have been leased 
to growers for continued production. The Board expects 
that similar precautions w i l l  be taken at  the selected site 
to achieve similar results. 

I 

Certain social and demographic data have been collected 
for the existing site option. As the Shuttle program i s  much 
smaller than was the ApoIlo program, the social and demo- 
graphic impact on the existing sites would appear acceptable. 
Much more data i s  required to ful ly assess the impact on a 
new site; nevertheless, i t  appears the selection of  a new 
site could potentially disrupt a l l  three final contending 
communi ties. 

, 
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CLASSIC N WAVE ILLUSTRATION 

I 

The sonic boom disturbance, generated by the traverse (of the shock wave 
created by supersonic flight across the surface of  the ground, may be rep- 
resented by the classical N wave as illustrated below. 

_ .  .... . 

Four parameters describe the N wave - rise time,t; overpressure, A P; 
period, T; and the impulse under the wave. These parameters, in  turn, 
influence the reaction of people and structures to the disturbance. The 
characteristics of the N wave are a function of the aircraft (weight, shape, 
l i ft and volume), i t s  operational characteristics (velocity, altitude, flight 
path angle, etc.) and the atmosphere through which i t  propagates (turbu- 
lence, temperature, winds, etc .). The near field disturbance for aircraft 
has a more complex shape caused by secondary shocks. As these distur- 
bances propagate away from the source, however, the distrubance tends 
toward the classical N wave distribution. 

FIGURE 5.1 
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Theoretical and Observed Variation of Pqak Boom Level with Depth. 
The Theoretical Curve Is Adjusted for ar: A i r  Boom Level of +55 db. 
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6. CONCLUDING REMARKS 

Th is  document has reported the results of the Board's delibera- 
tions. References and supporting informbtion w i l l  be in agency 
files. 

c 

Many cf the criteria considerations outlined in  the Guidelines 
(Appendix A) are no longer at  issue. For example, the OMSF 
addressed the question of  altitude and latitude effects on 
vehicle performance and design. The conclusion was that, 

within the existing requirements for the Shuttle, the altitude- 
advantage for rocket take-off was more than offset by orbiter 
landing requirements. Climate, environmental effects, and 
community impact are discussed earlier in this report. I Possible 
interference with existing traffic patterns was not, however, 
reviewed i n  depth, An in i t ia l  survey was made of  the likely 
effects of  booster impact zones on ihipping lanes during the 
screening process. If a new site i s  selected, a thorough inves- 
tigation of local air and sea traffic i s  warranted. This  would 
not be an issue under the existing site option. 

The cost analysis (section 4.1) discusses the phasing of funding 
in detail. Results ;how that the existing site dption -- with 
the east coast site activated first -- leads to the lowest dis- 
counted total program cost and the lowest annual expenditures 
during the development period. This i s  because much of  the 
necessary equipment and personnel are already i n  place at  the 
east coast site. The Board could not identify any factors, at 
this time, which would definitely favor the west coast site for 
activation first. 
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APPENDIX A 
BOARD CHARTER AND GUIDELINES 



C O P Y  

MH 

Dr. Floyd L. Thompson 
94 Alleghany Road 
Hampton, Virginia 23369 

April 26, 1971 

Dear Dr. Thompson: 

This  letter w i l l  confirm your appointment as Chairman of  the Space 
Shuttle Launch and Recovery Site Review Board. By copy of  this 
letter, the following are designated members of  the Board: 

Major General Edmund F. O'Connor 
Deputy Chief of  Staff, Procurement and Production 
Headquarters, Air Force Systems Command 

Mr. Vincent L. Johnson 
Deputy Associate Admi nistrator 

NASA Headquarters 
1 Off ice o f  Space Science and Applications 

Mr. Robert H. Curtin 
Director, Office of  Facilities 
NASA Headquarters 

Mr. Robert N. Lindley 
Director, Engineering and Operations 
Off ice of  Manned Space Flight 
NASA Headquarters 

Mr. Clarence C. Gay, Jr. 
Acting Director, Systems Operations 
Space Shuttle Program 
Off ice of  Manned Space Flight 
NASA Headquarters 

Dr. Dudley G. McConneII, NASA Headquarters has been designated 
as Executive Secretary to the Board. Mr. N e i l  HosenbaII, Deputy 
General Counsel, NASA Headquarters, w i l l  serve as legal counsel 
for the Board. 

.,.- . .  

. . I  

" _ .  . 
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In broad terms, this Board i s  responsible for reviewing and evaluating 
candidate launch and recovery sites for the Space Shuttle. Attached 
are guidelines which elaborate on the purpose and scope of the Board's 
activities. This evaluation w i l l  be used as the basis for a site selection 
by the Administrator. You should plan for both an oral briefing and a 
written report of  the Board's activities and findings. In view of  the 
importance of the selection of  the launch and recovery site to other 
Space Shuttle program planning you should aim to complete your work 
a t  the earliest practical time. 

Sincere I y, 

Dale D. Myers 
Associate Administrator 
for Manned Space Flight 

Attachment 

cc: AD/Dr. Low MD/Mr. Mathews 
MSFC/Dr . Rees MD-M/Mr. Gorrnan 
MSC/Dr . Gi Iruth, Dr. Debus/KSC X/Dr. McConneII 
Board Members G/Mr. HosenbaII 
MH/Mr . Don Ian 
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CONCURRENCE : MHD /s/ 

MH /s/ 
I CJDonlan 

MD-M /S/ 

Gorman 
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GUIDELINES FOR SPACE SHUTTLE LAUNCH 
AND RECOV~RY SITE REVIEW BOARD 

The Site Review Board i s  charged wi th  review of  candijate iaunch and recovery 
sites, the evaluation of  each site against requirements and against selection 
criteria, the ranking of  the sites, and the presentation of  these findings to the 
Administrator. 

MEMBERSHIP 

The Site Review Board w i l l  be composed of  a chairman and appropriate member- 
ships from NASA and DOD. It wil l be supported as required by Headquarters 
personnel who w i l l  assemble and analyze data and assist the board i n  the evalua- 
tion and report preparation. 

SCOPE OF ACTIVITY 

The Site Review Board w i l l  establish evaluation criteria and apply these criteria 
to ranking of  candidate sites. The evaluation w i l l  concentrate on site require- 
ments necessary for RbD vertical flight testing and for succeeding operational 
flights. The evaluation should recognize that adjustments may occur i n  the 
earliest vehicle configurations and that full operational requirements may not 
be in i t ia l ly  satisfied. Both a written and oral report of the board activities and 
findings w i l l  be submitted to the Administrator at  the earliest practicable date. 
In performing the evaluation, the board w i l l  draw upon new data as well as pre- 
viously prepared data and w i l l  use, as needed, the resources of  the Centers, 
Phase B Contractors, and the'Parsons A/E contract. Legal counsel w i l l  be 
provided by Headquarters legal staff as needed. 

The Site Review Board w i l l  follow Source Evaluation Board operating procedures 
especially with regard to the collection, safe keeping, and presentation of the 
data i t  develops. 

CR I TERlA CONS1 DERATIONS 

A. Vehicle Configuration, Mission 8, Payload Requirements 

. Projected mission requirements - Inclinations, Azimuths, Payload Weight, 
Frequency 

. Downrange Recovery Si te - Contingency Payload Increase, Downrange Abort 

A. 3 
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. Latitude - Earth Rotation, Orbital Inclination Requirements 

. Altitude - Payload Increases, Landing Considerations 

. Longitude - One Revolution Abort 

B. Climate and Surrounding Terrain 

. Weather, Flight Path Obstructions 

Air Traffic Density, Sea Traffic Density 

. Range Safety 

C. 

D. Community Sensi t i v i  ty/Environmental Considerations 

. Population Density, Flight Corridors, Schools, Housing, Noise 

* E. Existing On-site Facilities 

. Operational, Support 

F. Existing O f f s i t e  Resources 

. Commercial Transportation, Accessibility, Ut i l i ty  Capacity, 
Available Tracking and Data Facilities 

G. Costs and Phasing of Funding for Facilities 

. .  
~ .. , ~ I  A.4 



APPENDIX B 
REVIEW BOARD CHRONOLOGY 



S!Ks ! a 3 Apr. 26, 1971 

May 4, 1971 

Mey 26, 1971 

June 22, 1971 

Aug. 4, 1971 

Aug. 19, 1971 

Sept.  21-24, 1972 

' F  

Oct. 1971 through 
Dec. 1971 

Jan. 6,  1972 

Jan. 13, 1972 

Jan.  19, 1972 

Feb. 1 7 ,  1972 

Feb. 24, 1972 

Mar. 1, 1972 

Mar. 27,  1972 

c-' 

Space Shut t le  Launch and Landing S i t e  
Review Board - Chronology 

Formal Appointment . 

Board Meeting- 
Review of Program Planning 
Prelim. Mission & S i t e  Requirements 

Board Meeting 
Shut t le  Operations Planning 
DoD Mission & S i t e  Requirements 

Board Meeting 
Review of Program S t a t u s  
Extension of Contractor  s t u d i e s  
t o  include in t e r im  expendable boos te rs  
Review of Sonic Boom C h a r a c t e r i s t i c s  

Board Meeting Report  of Sonic Boom Panel 

Board Meeting 
Al t i tude  vs l a t i t u d e  payload e f f e c t  

Board v i s i t  t o  OMSF Centera f o r  b r i e f i n g s  

Board r eces s  f o r  du ra t ion  of phase B vehic le  
design s t u d i e s  

Presidential Authorization of Shuttle Rrogram 

Review of Program S t a t u s  
Assess Future Course  of S i t e  Evaluat ion 

Board ,Meeting 
In t e r  i m  Mee t ing  with Admini s tra t o r  

Board Meeting 
Performance of Boos ter O p t  ions  
Capab i l i t i e s  of Inland S i t e s  

Board Meeting 
Overf l igh t  Hazard Assessment 
Further Study of Inland S i t e s  

Inter im P o s i t i o n  Paper 

Board Meeting 
Resui ts  of S i t e  Screening 
Implicat ion of Booster Se lec t ion  
Outline of Cost Study 

B. 1 



A p r i l  6 ,  1972 

A p r i l  10, 1972 F -  # 
9, 

Board Meeting 
Results of Cost Studies 
Detai led S i t e  Evaluation 

Report to Administrator 

a 

6.2 



APPENDIX C 
SUMMARY DESCRIPTION OF CANDIDATE SITES 
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OPE RAT ION AL ! 

WATER mPACI! 082°-zolo 
SONIC BOOM 095°-1%' 

3VERFLIGHT O85'-1SS0 

30MPOSITE 095'-1S9' 

s57' 

071'-010' 

J00'-103' 

-126' 

3 LZIMUTHB 
R E E  OF TOWNS 
Y BOOSTER 
UPACT ZONES 

).SIC BOOM 

FLIGHT 3 NONE 
IMPtXlTE 

A Z I Y D T B  
TO 1 Y P A C  

X O I f t 8  

IWCLINATU)NI  
A V A l  L A  6 L X  

FR OY 
IMPACT Z O N E  

5 FEE? 

M I C H A E L / D U G W A Y ,  UTAH 

5,300 FEET 

M O U N T A I N  H O M E ,  IDAHO 

5,000 FEET 

V A N D  E K B  E R G  A F B ( W T R ) .  
C A L I F O R N I A  

Y1881ON C O V E R A G ]  
N C L I N A T I O N S  F R O  

C O Y P O S I T L  
A Z I M  U T H S  

L 

\.ONE 

om 0 YOL'KTNM 
QVSTW 

ALL ZOSES ARE IN 
D E W  WATER 

R O K B  0 MOUNTAIN01 
FORtsTED 

ROLGH I. MOUNTAINOL 

NATIOSAL FOREST 

ALL ZOXES ARE IN 
DEEP MAiEFt ARtAS 



FACILITIES 

P R E S E N T  
USE 

F A C I L I T Y  C O S T S  
(I I N  M I L S 1  L A B O R  

F O R C E  

- 
P O P U L A T I O N  -- L A N D  

E X I S T I N G  

R E Q U I R E D  

S I T E  
P O P U L A T I O  

MILITARY 
2,815 

OTHER 
3, 144 

CIVIL SERVICI 
2,144 

CONTRACTOF 
13,100 

2 PADS/60 
I N I T I A l  

NCHES/YI 
i N N U A L  - 

38.1 

L O C A L  
C O U N T Y  - 

KERN 

SZ9, 162 

ONTIGUOL 
C O U N T I E S  

ANGEL= 
AN 

I, 116,141 

B E R W I M  

- 
QIAN RIVER 
AXE 
WEOLA 

M N G E  

h n N O L E  

PLUSIA 

28,054 

LINCOLN 

hYE 

INYO 

23,121 

- 

BRA 20- 
CALHOUN 
CHAMBERS 
FORT BEND 
GALVESTON 
HARMS 
JACKSON 
VICTORIA 
WHARTON 

2,205,838 

' {  
Ill. 1 

(INCLUDES 
237.1 FOR 
ACCESS 
ROADS TO 
IMPACT 
ZONE & HC 
TANK ASS 

USAF, NASA 
&USA 

FLIGHT TES 
CENTER 

.OCAL COUNT 

131,000 

CONTIGUOUS 
COUNTIES 

3,512, OOO 

. om C O W  

98,600 

3oNTIGUOUS 
COUNTIES 

251,400 

356,300 ACRES 

APPROX 
55,000 ACRES 

APOLLO 
LAUNCH 
OPERATION! 
0 OTHER 
SPACE 
AmIVITY 

179. I 
(ll3.0 FOR 
2 PADS & 
40 LAUNCH! 
PER YEAqj 

87,880 ACRES 

APPROX 
55.000 ACRES 

(PART OVER 
WATER) 

BREVARD 

230,006 

BOM BIN3 
GUNNERY 
RANGE 

PART Is 
DESGNATED 
AS DESERT 
GAME 
RESERVE 

183. I 

LNCLUDES 
223.3 FOR 
4 CCESS 
ROADS T O  
[MPACT 
ZONE 6. HO 
TANK ASSY) 

No 
P ERhlA NENT 
POPULATIOh 
BOMBING 
RANGE 

>OCAL C O W  

121,400 

mNTIGUOUS 
COUNTIES 

15,481 

4,260,000 ACRE CLARK 

213,288 
38.1 

APPROX 
55.000 ACRES 

PRIVATELY 
OWNED 

SRICULTURA 

OIL WELLS 
IN N W R  
VICINITY 

- 
hUGWAY 
'ROVING 
;ROUND IS 
m y  WEA- 
'ONS TEST 
WE 

AUNCH PADS 
TUATED ON 
CULL VALLE' 
iDIAN 
ESERVATION 

562.2 

613.0 FOR 

JLLNCHES 
PADS & 60 

'Fp Y WR; 

.ocAL COUNT 

9,870 

CONTIGUOUS 
C@L'?TEs 

920,700 

No 
PERMANENT 
POPLZATION 
ON S T E  

ALL ZONES ARE IN 
DEEP WATER 

\IATAGORDA 

27,913 

APPROX. 
55.000 ACRES 
(PART OVER 

WATER) 

24. I 

OUCB & MOUNTAINOU 
WRELTED 

125.8 

INCLUDES 
207.5 KXI 
ACCESS 
ROADS TO 
BlPACX 
ZONES & HC 
TAhX ASSY. 

DUGWAY 
PROVING 
GROUND 

542,321 ACRES 
LAUNCH SITE 
OFF PROVING 
GROUND 
APPROX 
55,000 ACRES 
AIRFIELD ON 
PROVING GRD. 

.WAL COUNT 

10,950 

CONTIGLOJS 
COUNTIES 

253.380 

SALT LAKE 

UTAH 

DAVIS 

WEBER 

800, 144 

ADA 
BLAINE 
BOISE 
CAMAS 
CANYON 
COODING 
LINCOLN 
OWYHEE 
TWIN FALLS 

219, 130 

ESTIMATED 
3,500 IN 
LAUNCH 
COMPLEX 
AREA 

TOOELE 

21,545 34.8 

832.3 

NCLUDES 
131.1 FOR 
4CCESS 
iOADS T O  
MPACT 
ZONES I HO 
rANK ASSY. 

DUGH & MOUNTAINOU 

ATIONAL FVREST 
,OCAL COUNT 

4,464 

COh'IGUOUS 
COL3TIES 

108,642 

OREST SERVICE 
33NTROL No 

PERhIANENT 
POPULATION 
ON SITE 

FOREST 
SERVICE 

ELMORE 

11,419 LPPROX 
5, OW ACRES 

35.6 

MILITARY 
7,125 

AhTA M A R M  

AN 
LLlS OBlSPO 

DMPOC 

35,690 

399.0 

(314.0 FOR 
l P A D 6 . 2 0  
LAUNCHES 
PER Y W R )  

SAF BASE 
UT LAUNCH 
F IBM'S 
OLAR SPACE 
AUNCHES 

CIVIL SERVICI 
2, s72 

CO.NTRAcrOR 
5,671 

DEPENDENTS 
ON BASE 

I, 942 

99,400 ACRES 

APPROX 
55,000 ACRES 
(PART OVER 

WATER) 

iANTA 
BARBARA 

!64,324 

LLL ZOSES ARE IN 
)ELP WATER AREAS 3L 6 
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COMMUNITY 

L I R  T R A F F I C  
W I T H I N  I 1 0 0  M I L E S  

- 
U T I L I T I E S  
WATER 
C A S  

KATER: 
IN BASE 
WELLS 

;AS 
)ACIFIC GAS P 
ELE'X. CO. 

! w. 34 IN. 
MAINS 

ELECTRIC: 
5 0 .  CALIF. 

EDISON 
$9,000 V LINE! 

IATER: 
TTY OF 
:ELLS 
;AS 
TLORIDA GAS 
:RANSMISSION 
CO. 
3 INCH MAIN 
CLECTRIC: 
?LORIDA PWR. 
k LT. CO. 
19. 000 v LINES 

E L E C T R I C  

- 

H O U S I N G  S C H O O L S  
E C O N O M I C  

'EW - - '  P U P I L S  B A S E  
b C C E S S  k 
, OG I S  T I C S  

RAIL 
ROAD 
AIR 

U N I T S  . 
R E Q ' D  - 

15% 
LOCATED IN 

COUNTY 
12,150 

50% 
LOCATED IN 

COUNTY 
8,500 

N R O L L E D  U N I T S  
A V A I L .  

KERN 
COUNTY 
4,141 

1 
5% IN COUNTY 
3,815 AEROSPACE 

INDU-RY 
0% IN COUNTY 
1,250 AGRICULTURE 

SCHEDLXED 
ANNUALLY 

~~ 

BREVARD 
COUNTY 
11,300 

SPACE CENTEI 

IN COUNTY AGRICULTURE 
3,500 I 100% 

LOCATED IN 
COUNTY 

17,000 

15% 
LOCATED IN 

12,150 
COUNTY 

40, 000 
SCHEDULm 
ANNUALLY 

RAIL 
ROAD 
AIR 
WATER 

BREVARD 
COUNTY 
1.218 

TOURISM 
5% IN COUNTY 
1,875 LIMITED 

AEROSPACE 

VATER: 
)N SlTE WELL! 
;AS: 
:O. WEST GAS 
CORP. 
EAREST MAIF 
!5 MILES AWA' 

3LECTRIC 
QEVADA PWR. 

138,000 V LINE 

NATER: 
NELLS ON SIT1 

S A S  
12 INCH MAIN 

CO. 

ELECTRIC: 
Y3MM PUBLIC 
iERVICE CO 
i9,OOO V LINE 

WATER: 
SPRINGS & 
RZRSOFF 
RESERVOIRS 
GAS 
MOUNTAIN 
FUEL SUP CO. 
16 INCH MAIN 
ELECTRIC 
UTAH PWR. 
BLT.  CQ. 
69,000 V LINE 

WATER: 
GROUND 

WATER 

;AS: 
22 INCH LINE 

ELECTRIC 
287,000 V LINI 

ORE 
PROCESSING 

MANUFAC- 
30% IN COUNTY TURING 
9,500 TOLIRISM 

100% 

17,000 

LOCATED IN 
COUNTY 'LARK 

COUNTY 
80,650 

CLARK 
COUNTY 
3,795 

47,000 
SCHEDLZm 
ANNUALLY 

ROAD 
RAIL 
AIR 

15% 
LOCATED IN 

12,150 
COUNTY RANCHING 

~~ 

MATHGORDA 
COUNTY 
6 92 

50% 
LOGiTrn IN 

COUNTY 
8,500 

2 5% 
LOCATED IN 

COUNTY 
4,250 

XXAL COUNT 

0,810 

COKTIGUOUS 
COUNTIES 

920, 100 

17, OOO 
SCHEDIZm 
ANNUALLY 

jog IN AGRICULTURE 3,250 I ROAD 
RAIL 
WATER 

klATACORDA 
COUNTY 
8,650 

Y A l L c Q l p l  

n. u 

15% 
LOCATED IN 

12,150 
COUNTY' 

DCAL COUNT 

IO, 950 

m snciuous 
C O u N T p  

153,380 

75% IN COUNTY AGRICULTURE 
13,815 

AEROSPACE 
50% IN COUNTY INDUSTRY 
9,250 

TOURISM 

TOOELE 
COUNTY 
6,815 

44,000 
SCHEDlltY) 
ANNUALLY 

TOOELE 
COUNTY 
238 

RAlL 
ROAD 
AIR 

ROAD 
RAIL 
AIR 

50% 
LOCATED IN 

COUNTY 
8,500 

15% 
LOCATED IN 

COUNTY 
12,150 

50% 
LOCATED IN 

COUNTY 
8,500 

AGRICULTURA 
75% IN COUNTY 
13,875 

50: I N  COUNTY 
3,250 

ELMORE 
COUNTY 
201 

ELMORE 
COUNTY 

5.400 

-4- ~~ 

A'ATER: 
IN-BASE 
WELLS 

GAS 
PACIFIC 

LIGHTING 
SERb'ICE CO. 
10 INCH MAIh 

TOURISM 

AGRICULTURE I 75% IN COUNTY 
IS, 815 

15% 
LOCATED IN 

COUNTY 
12,150 

RAIL 
ROAD 
AIR 

WATER I F  
MARINE 
FACILITY 
ADDED 

SANTA 

COUNTY 
3,091 

BARBARA 

- 
.m-,-r?Z 

SANTA 
BARBARA 
COUNTY 

11,500 

FC APF nr TI 

50% IN COUNTY 125 MILES TO 
LOS ANGEL1 
INDUSTRIAL I COMPLEX 

9,250 50% 
LOCATED IN 

COUNTY 
8,500 I A l .  



E N V I R O N M E N T  I E C O L O G Y  

C A T E G O R Y  I 
MOD. OFREGIME NO 
LAND TRANSFORM'D NO 
INDUSTRIAL PROCESFG 1;; 
TRAFFIC CHANGES 
WASTE DISPOSAL NO 
LAND USE 
FLORA 

CULTURAL FACTORS 
BIOLOGICAL C o m n o N s  
PHYSICAL P CHEMICAL 

FAI~NA 

MOD. OFREGIME 

AIRFLD 
INDUSTRIAL PROCESS'G 
TRAFFIC CHANGES 
WASTE DISPOSAL 
LAND USE 
FLORA 
FA UNA 
CULTURAL F A O W  
BIOLOGICAL COSDITIONS 0 
PHYSICAL & CHEMICAL kES-WM 

EFFLUEN 
MOD. OF REGIME 

TOWWA' 
INDUSTRIAL PROCESS'G NO 
TRAFFIC CHANGES NO 
WASTE DISPOSAL NO 
LAND USE NO 
FLORA No 
FA UNA NO 
CULTURAL FACTORS NO 
BIOLOGICAL CONDITIONS NO 
PHYSICAL & CHEMICAL YES-SRM 

EFFLUEN 

MOD. OFREGIME NO 
LAND TRANSFORM'D YES-L. C. 
INDUSTRIAL PROCESSG YES 
r m m c  CHANGES YES 
WASTE DISPOSAL NO 
LAhD USE YES 
FLORA hKi 
FAUNA NO 
CULTURAL FALTORS NO 
BIOLOGICAL CONDITIONS NO 
PHYSICAL P CHEMICAL YES-SRM 

EFFLUEN 

MOD. OFREGIME No 
LAND TRANSFORM'D YES- 

INDUSTRIAL PROCESS'G YES 
TRAFFIC CHANGES YES 
WASTE DISPOSAL NO 
LAND USE YES 
FLORA YES 
FA UNA NO 
CULTURAL FACTORS NO 
BIOLOGICAL COhDITIONS NO 
PHYSICAL & CHEMICAL YES-SRM 

TOWWA! 

MOD. OFREGIME NO 
LAND TRANSFORM'D YES-L. C. 
:NDUSTRIAL PROCESS'G YES 
rRAFFIC CHANGES YES 
NASTE DISPOSAL YES 
LAND USE YES 
FLORA NO 
!A UNA NO 
"ULTURAL FACTORS NO 
31OLOGICAL COMITIONS NO 
PHYSICAL & CHEXICAL YES-SRM I EFFLUEN 

dOD. OFREGIME 

TOWWAJ 
hDUSTRIAL PROCESS'G 
CRAFFIC CHANGES NO 
NASTE DISPOSAL No 
LAND USE 
FLOW 
FA UNA 
J U L T U R A L F A O R S  NO 

?HYSICAL P CHLUICAL NO 
3IOLOGICAL cosomo?rs NO I 

U N I V E R S I T  
S U P P O R T  

JNIV. OF SO. 
CALIFORNIA 

CALIFORNU 
INSTITUTE C 
TECHNOLOG 

UNIV. O F  
CALIFORNIA 
LOS ANGELE 

T H E M  

N V .  OF 
FLORIDA 

NIV .  OF MIM 

"IV. OFSO. 
FLORIDA 

THERS 

UNIV. O F  
NEVADA 

150 MILES 
AWAY 
AT RENO 

UNlV. O F  
HOUSTON 

RICE UNIV. 

BOTH 65 MILE 
AWAY 

I R I G H h  
YOUNQ UNIV 

NV. OF UTA1 

TAH STATE 
UNIV. 

lEBER STATE 
COLLEGE 

BOISE STATE 
COLLEGE 

NIV. OF 
CALIFOENIA 
SANTA 

MRBARA 

iLWN 
HANCOCK 
COLLEGE 

OTHER 

R E  CR E A T 1 0  

OUTDOOR 
SPORTS 

CAMPING 

HUNTING 

MAJOR LEAGUl 
BASEBALL P 
FOOTBALL 

THWTER 

FISHING 

HUNTING 

GOLF 

WATER SPORT; 

OUTDOOR 
SPORTS 

THEATER 

GAMBLING 

HUNTING 

FISHING 

BOATING 

BOATING 

FISHING 

OUTDOOR 
SPORTS 

65 MILES TO 
HOUSTON . 

MAJOR 
ATHLETIC 
EVENTS 

OUTDOOR 
SPORTS 

HUNTING 
FISHING 

CAM PING 
THEATER 

3UTDOOR 
SPORTS 

HUNTING 

FISHING 

THEATER 

OUTDOOR 
SPORTS 

HUNI'lNG 

FISHING 

BOATWG 

F U T U R E  
D E V E  L OPM b k T F 

NEW LOS ANGELLO 
INTERNATIONAL 
AIRPORT MAY CAltRF 
AIR TRAFFIC 
INTERFERENCE. 
POSSIBLE 
COMMUNITY 

FROM SOUTH 
ENCROACHMENT , 

NONE ADVERSE M 
SPACE SHVI'TLE 

DISNEY WORLD 11AE 
INCREASED M17llrRI 

NONE ADVERSE M 
SPACE SHUTTLE 

POSSIBLE 
NTERFERENCE WlTP 

4Cl'IVITIEs 
LDJACENT AEC r m  

NONEADVERSETO 
SPACE SHUTTLE 

LOCATED ON E I X F .  
OF PEonrrCTW 01:. 
FIELD 

NONE ADVERSE M 
SPACE SHUTTLE 

NONE ADVERSE m 
SPACE SHUTTLE 

NONE ADVERSE m 
SPACE SHIJTTLI: 

c. 1 
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S I T E  D E S C R I P T I O N S  
T A B L E  C - 1  




